Adult spinal deformity (ASD) is a very diverse condition that affects the quality of life of the involved individuals deeply. There is an ongoing discussion as to whether treatment should be surgical (which is potentially dangerous) or non-surgical.
Adult spinal deformity (ASD) is a very complex and diverse disorder that was largely neglected until the last decade. The general reaction of healthcare providers, including surgeons, has mostly been one of denial, on the basis that this is the natural history of the spinal column and very seldom requires any treatment at all, and that even when treatment may be required, surgery should be avoided at all costs because of the risks and complications associated with it.
First, ASD is a real health problem as demonstrated by several reports. Previous work has demonstrated that this population is very non-homogeneous in terms of perceived problems as well as expectations, based on patient age as well as diagnosis. 1 As an example, we may try to compare a 34-year-old woman with idiopathic scoliosis (Fig. 1a and b ) with a 45-year-old male with degenerative scoliosis ( Fig. 1c and d ) and with a 75-year-old woman with degenerative coronal and sagittal plane deformity ( Fig. 1e and f) . Apparently the problems associated with these patients are fundamentally different. Furthermore, radiological parameters such as sagittal balance may well be responsible for the decreased health-related quality of life (HRQoL) in this population. 2 This study by Pellise et al has also demonstrated that the deteriorative impact of ASD on HRQoL might even be larger than many other chronic health conditions that are more readily recognised as serious problems and threats. 2 ASD may occur as a result of a number of conditions, and patients may present with a different group of symptoms that are related to progressive degeneration and neural element compression. These heterogeneous symptoms and clinical presentation vary and may be related to progressive deformity, axial back pain, and/or neurological symptoms. As the percentage of elderly people in the population increases, more patients are expected to present with painful spinal conditions potentially requiring treatment. The decision between operative and non-operative treatment for ASD may be difficult for surgeons and patients. It should be based on multiple factors, including the severity of the patient's symptoms and the potential risk of intervention. These are weighed against the potential risks and complications related to the proposed nonsurgical and/or surgical treatment. 3, 4 The 'ideal' treatment for ASD is very difficult to identify with the present level of research in this field. Although this disorder is gaining recognition as a genuine health problem in an ever-ageing population, well-structured clinical trials comparing different approaches and treatment modalities are very difficult to find. A key reason for this may be the diversity of the population as mentioned above, making valid comparisons very difficult to achieve.
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In a recent systematic review of clinical studies evaluating conservative treatment, the authors concluded that because of high complication rates, surgeons mostly prefer conservative treatment for adult scoliosis patients. However, there is no consensus on the indications for conservative treatment for adult spinal deformity. Additionally, the same authors have demonstrated that current evidence is indeterminate with level IV evidence on the role of physical therapy, chiropractic treatment and bracing, and level III evidence on the use of injections for treatment of adult deformity. 4 On the other hand, in a prospective multi-centre study, 160 consecutive adult scoliosis patients treated with either operative or conservative treatment were followed for two years. Quality of life measures including Oswestry Disability Index (ODI) and Scoliosis Research Society (SRS) scores and numerical back and leg pain scores were obtained. These authors reported that non-operative patients did not improve during the two-year period, whereas significant improvement in quality of life scores was detected in the operative group. 5 Another problem in decision-making is the potential influence of complications on the outcomes of treatment, especially surgery. Surgery-related factors like blood loss, surgical time, length of hospital stay and length of overall recovery as well as complication rates may be increased in these patients. Analysing the results of surgery even in the larger ASD population (from 18 years of age and older) reveals that the complication rates may be even higher. These rates need to be considered as underestimations though, as younger patients should be expected to have a significantly lower number of comorbidities or other associated health problems and therefore be less prone to complications. In line with this, from a recent study of 46 patients over the age of 60 years who underwent thoracic or lumbar arthrodesis of five or more levels, with a mean follow-up of 4.2 years, it was concluded that the overall complication rate in this patient population was 37% (with a major complication rate of 20%), and patients over the age of 69 years had higher complication rates. In spite of this, clinical outcomes at final follow-up were significantly improved in ODI scores. 6 Another important point in the discussion of the potential impact of complications on treatment results is, interestingly, that it is fairly common for the physicians involved in the care of patients with adult spinal deformity to assume that surgical e) f) The purpose of this review is to look for answers to these questions using best available evidence including recent work by the author.
What is the 'ideal' treatment for ASD: surgical or non-surgical?
The first thing to be discussed in this respect would be the definition of the 'ideal' treatment. This may be fairly dependent on the point of view of the involved people, that is, patients versus medical personnel including surgeons, versus health insurance providers. Two recent studies on a group of surgically treated ASD patients demonstrated that the perception of adverse events (and potentially treatment results) may be significantly different between patients and surgeons. 7, 8 Until recently, the most quantifiable aspect of treatment (radiological parameters) had been the milestone in defining the success or failure of a given treatment. On the other hand, our understanding of any health condition has now evolved into measuring the HRQoL status and/or changes provided by the treatment thereof, and this approach will be used in the definition of what is 'ideal'. This problem has been tackled by several authors. A systematic review by Everett and Patel on the results of nonsurgical treatment failed to demonstrate any evidence better than level III for any non-surgical treatment modality. 4 Bridwell and co-workers retrospectively analysed the clinical results of symptomatic adult lumbar scoliosis patients and concluded that while non-surgical treatment was hardly associated with any real change in HRQoL, surgery on the other hand provided significant improvement in this regard at two years follow-up. 5 A recent study by Scheer and co-workers has investigated the effect of treatment (surgical versus non-surgical) on the quality adjusted life years (QALY) incurred by the treatment and concluded that surgical treatment provided significantly better QALYs compared to non-surgical treatment. 9 
Decision-analysis
We have also looked for a possible definitive answer to the problem of identifying the ideal treatment in ASD using a decision-analysis tool. From a multi-centric prospective database, the patient population consisted of a total of 535 patients who had completed the one-year follow-up, with 371 treated non-surgically and 164 treated surgically. Surgical treatment consisted of any combination of anterior and posterior surgery, fusion, instrumentation and decompression, whereas non-surgical treatment referred to follow-up under observation and/or analgesic or NSAID prescriptions in the majority of patients, with 12 out of 371 patients having been referred to a structured physical therapy programme and only six to injections or other forms of invasive treatment. All of these patients had complete radiological data in addition to records of all complications and unplanned hospitalisations as well as HRQL measures (SRS22, ODI and SF-36) taken at baseline (entry to the registry) and at six and 12 months. For the purposes of the present study, out of a bank of four years' data collection, a 12-month set of patient data having at least one year of follow-up was used, so as to construct the decision-analysis model. Demographic characteristics as well as HRQoL data of the enrolled patients can be seen in Table 1 .
The methodology of decision-analysis consisted of investigating the likelihood (probability) of certain outcomes, for example improvement, no change or deterioration (improvement defined as a decrease in the ODI score by 8 or more points and deterioration as an increase by 8 or more points) and the burden associated with treatment quantified as the 'utility' of this treatment, ranging between 0 and 1.0 (0 being the highest burden, i.e. death or total paralysis; 1.0 being perfect health). These are then incorporated in a decision tree that demonstrates the QALY associated with each possible outcome.
The results of this study demonstrated that the likelihood of improvement was significantly higher for patients treated surgically, compared to those treated nonsurgically ( Table 2; Table 4 ) to the extent that the likelihood of improvement in the ODI score was 54.2% in the surgical group compared to the 9.7% in the non-surgical group. It can easily be argued that this is to be expected, after all, as most patients in the non-surgical groups tend to be patients who did not receive any significant treatment at all; how can we expect them to get better by themselves? This argument being very accurate, the more interesting finding in this analysis was the probability of ending up with significant deterioration by the end of the first year post-treatment. As can be seen in Table 2 , unexpectedly, the probability of deterioration appears to be higher in the non-surgical group. As a summary at this stage, we can say that surgical treatment of ASD results in a significantly higher probability of improvement, and a lesser chance of deterioration.
It has to be kept in mind, though, that another very important facet of this discussion is the burden associated with these treatment modalities. If the burden associated with surgery is much higher than that of non-surgical treatment, and the procedure itself (and the follow-up) does not effectively decrease this burden, one may argue that the higher rates of improvement can only be achieved with considerable suffering. This is a valid argument and we have to revert to the utility part of decision-analysis in order to provide an accurate answer to it. As described above, 'utility' is a measure of the burden of any disease at a given time (as it is mapped from SF36), and may range between 0 (extremely bad health, death or total paralysis by definition) and 1.0 (perfect health). Tables 3 and 4 summarise the utilities calculated for the general population (Table 3) and for specific subsets based on age, disability level at the time of enrolment and diagnosis (Table 4) .
As can be seen from this study, it appears that the surgical group started with a significantly higher burden compared to the non-surgical, and finished with a significantly higher burden at the first year. But it is only in this group that the burden of the disease could be significantly decreased, while the overall disease burden in the non-surgical group had not changed. In the light of these results, returning to the discussion referred to above, we can conclude that at the end of the follow-up period, surgical patients carried a higher burden of disease compared to non-surgical patients, but this disadvantage has probably been decreased from a significantly higher proportion to a lesser (but still significant) proportion.
In summary, analysis of the relevant literature as well as the decision-analysis suggests that surgery may be more akin to being the 'ideal' treatment for ASD compared to non-surgical treatment. But then, this may lead to a subsequent set of questions on identifying the sub-populations in whom there may be differences; for example could surgery be associated with a higher burden in the older population? Should it be reserved for the relatively younger patients as a result? What about patients with significant disability at the time of presentation -does surgery help them at all? What about the degenerative deformity patients compared with those with so-called idiopathic deformity? Table 4 summarises the answers to these questions based on the decision-analysis performed. As can be expected, older patients had been presenting with a higher burden but ended up at a significantly improved and almost similar burden level to the group of patients who had surgical treatment. Non-surgical patients did not demonstrate any significant changes in time regardless of their age group (Table 4a and b). A recent study by Sciubba and co-workers has also reported similar findings in regard to the outcomes of surgical or non-surgical treatment in patients over 75 years of age, and concluded "in elderly patients greater than 75 years of age, reconstructive surgery provides significant improvements in pain and disability over a two-year period. Furthermore, surgically treated patients were more likely to reach MCID than non-operative patients". 10 When analysed for the effect of diagnosis (degenerative deformity versus idiopathic) it was seen that an almost similar pattern arises here as well, with the exception that in both sub-groups, surgical treatment not only provided significant decreases in disease burden but also a better level at the end of the follow-up (Table 4c and d) . Finally for patients with significant disability at the time of enrolment (defined as ODI > 25%), it was seen that although both groups had started the treatment at the same level of disease burden, significant improvement could only be achieved in the surgical group and, in fact, this group had achieved a better (although not significant) burden level at the end of the follow-up period (Table 4e ). Based on these findings, we can state that under the light of current evidence (level III), surgical treatment of ASD appears to yield a better chance in terms of both the HRQoL and overall disease burden, albeit being associated with a higher burden at time points at both ends.
To what extent do the complications affect outcomes?
Complications have always been the major concern with regard to any treatment modality in ASD, and have very commonly been defined as a major parameter in decisionmaking. As discussed above, interestingly, when treatment complications are evaluated, most care providers and decision-makers think of the complications of surgical treatment and very commonly visualise non-surgical treatments (including observation) as devoid of any adverse effects and/or complications. As this is probably not the case, we tend to think that a more holistic approach, following up both surgically-and non-surgically-treated patients, and reporting all complications and their effects on the outcomes, is needed. In order to achieve this and understand the magnitude of the problem of complications, a critical review of literature pertaining to ASD with special emphasis to treatment complications was performed as an integral component of our decision-analysis. A computerised query of the PubMed and Scopus databases was performed to identify any articles published between 1950 and 2014 that were pertinent to the aforementioned clinical questions. An initial search using the keywords 'adult spine deformity', 'adult spine deformity surgery', 'adult spine surgery complications', 'adult scoliosis', 'adult scoliosis surgery' and 'adult scoliosis surgery complications' was performed. This query provided 8441 potentially applicable studies. We restricted our work by using only English language articles and clinical studies. Based on this, after all abstracts were reviewed, 149 articles were selected for detailed review. In the full text assessment, we excluded studies which include case reports, small series (< 20 patients reported), single anatomical region deformity studies, revision case series, series in which complication incidences and results were not clearly documented and studies which did not meet the inclusion criteria. Additionally, review articles were excluded if they did not add significantly over an 'expert opinion' level of evidence. Using these criteria, 98 studies were excluded and 52 studies were identified so as to be evaluated for a detailed review of methodology and results. 6, For each article, the study design (retrospective or prospective), year of publication, number of patients, mean patient age, mean follow-up, complication types (pre-op, intra-op and post-op) and incidences were analysed and noted. In addition, clinical outcome data, based on complications that can be classified as life-threatening (LT)/non-life-threatening (NLT) or major/minor, were also recorded when available. Of the 52 studies that met inclusion criteria, none were randomised controlled trials; the majority were retrospective database case series, and all were on surgical treatment. Summarised cumulative probabilities for LT and NLT complications from these studies and specifically from studies that were selected as focussing on complications 29,52,55,58 can be viewed in Table 5 . As can be seen, there is a very wide variance in the incidences reported, especially with regard to pseudoarthrosis and implant failures (ranging between 0.5% and 54.0%).
Apart from these, three recent papers have specifically reported on the effects of complications on treatment outcomes. Daubs et al have investigated the complications and outcomes of 46 patients over the age of 60 years, who underwent thoracic or lumbar arthrodesis of five or more levels, with a mean follow-up of 4.2 years. They concluded that the overall complication rate in this patient population was 37% (with a major complication rate of 20%), and patients over the age of 69 years had yet higher complication rates. In spite of this, clinical outcomes at final followup were significantly improved in ODI scores. 6 Glassman et al have also reported on the effect of treatment complications on 46 adult deformity patients undergoing surgery. There were 47 major and 62 minor complications, and it was seen that major complications had adversely affected the outcome as evidenced by the SF12 general health scores at one year follow-up. 55 In another study, Scheer et al have investigated the effect of complication on the recovery of patients using an integrated health score (IHS) and concluded, " [T] here was a significantly protracted mental recovery phase associated with patients that had at least one complication, as well as either a minor and major complication. The addition of a reoperation also adversely affected the mental recovery as well as overall satisfaction". 62 Likewise, a study by Ayhan et al focusing on spinal osteotomies in ASD patients demonstrated that complications do not necessarily affect the clinical outcomes in this sub-population of patients. 63 It needs to be noted that, again, both of these studies as well as the studies referred to above have not compared the treatment modalities for complications. That being the status of the available base of knowledge, the second part of our decision-analysis was performed with the specific questions of whether complications affect the outcomes of treatment and if so, to what extent.
Using the same patient population and methodology described above, it was seen that in this group of 535 patients (371 non-surgical, 164 surgical), there were 78 (14.6%) NLT 12 (2.2%) LT complications and three (0.6%) deaths/paralyses (1 death, 2 patients with total paralysis). Surgical treatment was significantly more prone to complications (31.7% versus 11.1%, p < 0.001) ( Table 6 ). In addition, as can be expected, the rate of LT was much higher in patients treated surgically (p < 0.001) and there were no deaths or progression to paralysis in the non-surgical group. Based on these findings we can conclude that although non-surgical treatment is also associated with complications, surgical treatment of ASD is more prone to complications in general and much more prone to major and devastating complications. Clinical outcomes of patient groups stratified by complications can be seen in Table 7 . These findings are important in underlining that for patients who had surgical treatment, complications do have an effect on the clinical outcomes. The probability of improvement decreases by the presence of complications, especially if these complications are LT whereas likewise, the probability of clinical deterioration increases with the presence and severity of complications. On the other hand, on the non-surgical side we see that the presence and/or severity of complications have little if any effect on clinical outcomes (with the exception of LT complications which is a statistical error secondary to less populated cells).
Finally, the utilities and associated QALY values for all possible outcomes (that is, three possible clinical outcomes, two groups and three potential complication statuses) can be seen in Table 8 .
Based on this, it can be seen that the LT complications in particular add a very heavy burden for the involved patients in both groups. This burden is even heavier in patients who had experienced deterioration, and in this regard it might be more reasonable to state that the presence of LT complications may have played an integral role in the clinical deterioration of these patients.
Based on these findings we can state that any treatment in ASD is prone to complications, and complications can affect surgical outcomes adversely. Patients with complications have a decreased likelihood of getting better compared to those with no complications, and they carry a heavier burden of the disease; potentially even heavier than their baseline status. Specifically, surgical treatment is significantly more prone to complications and therefore the above-mentioned effects of complications are probably more pronounced in the surgical patients. On the other hand, when we compare the probability of getting clinically better at the end of the first year of treatment between the surgical and non-surgical patients, we can see that surgical patients who had encountered complications during their treatment still have a higher chance of improvement compared to their non-surgical counterparts.
Conclusions
In summary, the end result of the decision-analysis study suggests that the two facets of treatment outcomes, improvement versus no change/deterioration and the burden of the disease (utilities) may affect the eventual decisionmaking in different directions. When we look at the probability of getting better by treatment, surgery appears to be the obvious treatment of choice. On the other hand, surgery is more prone to complications (which affect the outcome) and associated with a heavier treatment burden as well. Stated in a different way, analysis of the results of this study as well as the others in the literature enables the drawing of several conclusions:
1. Treatment of ASD is prone to complications; more so in surgical treatment (31.7%) than non-surgical treatment (11.1%). 2. These complications affect the clinical outcomes of treatment regardless of whether it is surgical or non-surgical. However, as the complication rate is higher in the surgical group, this effect may be more pronounced. 
Future directions
Although the level of evidence is not beyond level III, all controlled and non-controlled studies on the treatment of ASD uniformly suggest that at this point in time, surgical treatment may provide better chances of improvement when compared with non-surgical treatment. That being said, much work needs to be done to improve our understanding of ASD and how to evaluate and treat patients with this condition. In this regard, future work should focus on:
• Investigating non-surgical treatment modalities that may effectively change the natural history of the disease for longer periods of time, if not permanently.
• Providing better definition of surgical indications.
Which sets/subsets of patients benefit more from surgery? What type of surgery for whom? • Providing a better definition of the timing of surgery/ interventions. When is a good time for a patient with ASD and clinical disability to have treatment, rather than leaving the patient to the natural history of the disease? • Establishing means to decrease the rate of complications radically. In order to achieve this goal: − We need to identify patients who would be more prone to complications with certain treatment modalities and divert these patients to other treatment modalities. − We need to stratify our patients for their risks and interventions for their aggressiveness so as to be able to match them. − We need to keep on working on new surgical technologies that would improve patient safety and decrease complications. The priority in this regard may be developing new fusion and implant technologies as the rates of mechanical failure are still unacceptably high in ASD.
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